Analysis of genetic relatedness and inbreeding in Polish population of the Newfoundland dog breed. The aim of the study was to analyse the fi ve-generation pedigrees of Newfoundland dogs, registered in the Polish Kennel Club and shown in 2015 in Poland. Pedigrees come from the Polish Newfoundland Club website and their analysis was possible with the use of the international pedigree database (https:// www.newfoundlanddog-database.net/). Inbreeding coeffi cient (COI) and ancestor loss coeffi cient (AVK) were calculated and pedigrees were analysed for the presence of common ancestor. Results indicate low mean COI values, with individual values ranging from 0.78% to 7.03%. The mean kinship was 3.14. Five-generation pedigree analysis did not show high inbreeding in the population studied and AVK exceeded the suggested value of 85% only in one case. It can be thus concluded that the population of Polish Newfoundlands, at least its part, presented at shows in 2015 and most likely intended for breeding, is not to be considered inbred.
INTRODUCTION
Pedigree dog breeding is getting increasingly popular and has already led to distinct changes in phenotypes of the breeds subjected to breeding strategies. The Newfoundland, as its name indicates, comes from the Canadian island and was originally used as a draft-and companion dog. Descending from different European dogs, brought to the island, the breed gained popularity when imported to Great Britain and Europe. Imposing presence, calm personality and great patience made the Newfi e a valued companion and beloved pet (Nowak 1995) .
Years of selective breeding and establishing of breed clubs, gathering enthusiasts and breeders, resulted in forming the breed type, albeit differing slightly between countries and organizations. Breed standard, accepted by Fédération Cynologique Internationale (FCI), set the maximum size at 71 cm for males and 66 cm for females and weight at appr. 68 kg and 54 kg, respectively (Wzorzec FCI...). American Kennel Club (AKC) accepts heavier specimens -males at 65--75 kg and females at 50-60 kg. Height at withers can be by 1 cm lower (Offi cial Standard...). British breed standard, published by KC (British Kennel Club) does not differ from that by FCI as far as size is concerned, whereas weight is slightly lower -between 64-69 kg for males and 50-54.5 kg for females (Newfoundland Breed Standard).
The pedigree is an individual document and gives information on the ancestors, their health tests results and colours. In Polish Kennel Club the pedigree covers four generations (Nowak 1995) . Several mating systems are employed in breeding dogs, one of those being inbreeding, i.e. mating individuals related by one or more common ancestors (Nalazek 1994a , b, Kosowska and Nowicki 1999 , Amstrong 2001 , Charon and Świtoński 2006 , Monkiewicz et al. 2011 . Such matings, however, may result in so-called inbreeding depression. Its typical symptoms, observed with progeny, are decreased size, various health problems, premature ageing and lower fertility (low fertilization rate, tendency to miscarriages, high newborn mortality) (Amstrong 2001 , Głażewska 2005 , Monkiewicz et al. 2011 .
One of inbreeding strategies is line breeding, when a certain distinguished ancestor appears several times in the pedigree, in case of a male e.g. as grandfather and grand-grandfather. This is not to be confused with so-called popular sire effect when genetic diversity in next generations is reduced in result of frequent use of a popular champion and winner of many shows (Amstrong 2001 , Monkiewicz et al. 2011 , Hannula et al. 2014 .
Wright coeffi cient of inbreeding (COI), measured on a scale from 0 to 100%. It determines the probability that alleles of a given gene in one of the parents are identical to alleles of the same pair in the other parent, as a consequence, it will make the offspring more likely to inherit identical copies of a given gene. Homozygosity of progeny is directly connected with increasing inbreeding. It is recommended that the coeffi cient should not exceed 6% for 5-generation pedigrees, and 9% for 10-generations. Specialists in the FCI for rare breeds determined that the COI should not exceed 10%.
Ancestor loss coeffi cient (AVK) enables both to estimate the unique gene pool and inbreeding in earlier generations on both sides of the pedigree. Its value describes the proportion of the unique ancestors to the total number of independent ancestors in the pedigree.
The mean kinship coeffi cient (MK) is calculated for each individual in a given population, showing the degree of relationship with a given population. The most valuable individuals for the breeding are those that have a relativity of few common genes with the remaining individuals considered, i.e. they have the lowest average kinship coeffi cient.
The Kennel Club in Poland in 2015 in its statistics showed that in all units of the total registered individuals of the Newfoundland race there were 448 pieces. Of these 183 dogs, 69 of them had the authority of a sire. 265 registered bitches, 113 had the rights of a breeding female. In Poland, 42 litters of this breed were born in breeding associated in the Kennel Club in Poland.
The aim of this study is to analyse the active population for 2015 of Newfoundland dogs registered in the Kennel Club branches in Poland, including only dogs taking part in exhibitions during this period. Determination of the average kinship coeffi cient and estimation of the degree of inbreeding of the tested individuals based on the available pedigree information. As well as showing which dogs were most commonly used in breeding.
MATERIAL AND METHODS
The analysis covered dogs taking part in exhibitions organized in Poland and the list was created on the basis of the Newfoundland Club website (Związek Kyno-logiczny…), where results from individual exhibitions are published. The focus was only on the 2015 show season, Veterans class is not included because dogs of this age are no longer used for breeding. The analysed material consisted of fi ver-generation pedigrees, obtained from the international Newfoundland dog database (The newfoundlanddog…). Although, the published pedigrees cover fi ve generations, we decided to take for consideration only fi ve of them as it had been done in case of other similar studies. Only dogs, registered with the Polish Kennel Club were included in the study, without those shown in Poland yet registered abroad.
The total number of 115 pedigrees (50 males and 65 females) was collected to estimate the COI. Each pedigree consisted of 62 ancestors (31 pairs of dogs). COI (inbreeding coeffi cient) and AVK (ancestor loss coeffi cient) values were then calculated (Jeżewska 2006) by Wright equation for the inbreeding coeffi cient introduced in 1922 where Fx is the inbreeding coeffi cient for the dog for which it is calculated.
A comparison of the occurrence frequency of a given individual in the studied population was also made in tabular form.
Using Microsoft Excel 2003, a database of pedigree probands was created, which contained data up to 5 generations ago. The database contained a total of 1297 individuals. Then data in the form of MS Excel spreadsheets were analyzed in the GeneDrop program (Lacy 1989 ). This program made it possible to estimate the inbreeding coeffi cient for each individual and for the entire study population. According to calculated COI, the mean kinship coeffi cient (MK) was also estimated.
RESULTS AND DISCUSSION
In the studied group of 115 animals of the Newfoundland breed, 50 specimens were males (43.48%), 65 females were females (56.52%). In the whole group, 31 individuals (26.96%) were found to be inbred (15 males and 16 females). The COI value occurring most frequently was 0.78% (4 males and 7 females) and the single values obtained were 3.91%, 4.69%, 6.25% and 7.03% (Table 1) . According to FCI guidelines, for less numerous breeds the acceptable COI level should not exceed 10% in 0 to 100% scale, representing the degree of genetic relationship between the parents of a given individual. The increase of COI suggests the increase of homozygosity in the whole population.
However, it should be remembered that COI gives only a general picture and only if there is a relationship between the parental pair through their ancestors. Even if the dog and bitch intended for breeding are inbred, but come from two separate breeding lines, the COI of their offspring is 0 and AVK -100. The breeding practice has shown that the value of COI below 3% and AVK above 85% obtained for a given mating is a very good result (Amstrong 2001 ).
The highest COI value at 7.03% together with the lowest AVK at 80% in the entire studied population were calculated for the female King of Helluland YELLOW ROSE. Newfoundlands are not classifi ed as rare breed; their numbers in the world are kept constant. Taking into account the guidelines from FCI and their permissible level of 10% of inbreeding, it can be concluded that this single female in our entire group showed close to the acceptable values of both coeffi cients (Table 1) .
Comparing our results with those of other research conducted in Poland on other breeds and in other countries, the average value of the inbreeding coefficient for the breed we study is not high. In the population of the Polish Tatra Sheepdog, analysed by Kania- Gradziewicz et al. (2009) , the level of inbreeding was much higher than in the studied population of Newfoundland and ranged from 1.01% to 8.72%. The population of the Polish Hound, which can be considered a small one, showed very varied results from 7 to 40%, which is a much higher result than for the studied population of Newfoundland (Głażewska 2008 . Kania-Gierdziewicz et al. (2014) in the study of the Golden Retriever and Labrador Retriever populations registered in the Kraków branch of the Polish Kennel Club estimated the inbreeding at 2.15--13.18% for the fi rst and 2.29-13.28% for the second breed. For the group of inbred Labradors, the average inbreeding coeffi cient was from 2 to 3.5% and for the same group of Golden Retrievers the mean value of this parameter was at the level of 1.5%. For both studied populations, the average coeffi cients were around 1% or less (Kania-Gierdziewicz In the Kraków branch of the Polish Kennel Club, the German Shepherd population was analysed and the values of the inbreeding coeffi cient were 12-17%, which showed that the COI values for the Tatra Sheepdog were signifi cantly lower (Kania- Gierdziewicz et al. 2009 Gierdziewicz et al. , 2011 .
The average kinship coeffi cient (MK) took into account 228 dogs included in pedigree dogs from the active population in 2015 in Poland and it amounted to 3.14. The range of values of the inbreeding coeffi cient for the examined individuals turned out to be very diverse and varied between 0.02-28% ( Fig.) .
Compared to the average inbreeding coeffi cient for golden retriever (1.67%) and Labrador Retriever (2.58%) (Kania- Gierdziewicz et al., 2014) , the value obtained was high. In the case of beagle breed analysis in the Krakow branch of the Polish Kennel Club, a higher score (4.92%) was obtained or another hunting breed, i.e. Alpine hound-horned pigeon all over Poland (4.55%) (Bednarek et al 2018) .
In the whole pool of dogs tested, only 18 of them had signifi cant inbred, the others had a very low score.
The optimal AVK value should be at 85-100% (Amstrong 2001) . In our research on the population of Newfoundland, 46 individuals were characterized by lower than 100% AVK values (22 males and 24 females). Considering the 85% value as the lowest level of this coeffi cient suggesting a good result, it can be therefore stated that only 4 specimens from the study population had results below the accepted norm (Table 2) .
After analysing the fi ve-generation pedigrees, it turned out that the most-repeated stud dog (95 times) in 115 available pedigrees was Midnight Lady Espe- FIGURE. Groups of dogs with different values of inbreeding cially for You. When it comes to female Halszka Kniaziowa Wichrowe Łąki performed 89 times, the 10 most used for breeding studs occurred 81 to 22 times, while the 10 most common breeding females were repeated from 56 to 22 times. Similar comparisons in research for Golden Retrievers and Labrador Retrievers registered in the Krakow branch of the Polish Kennel Club showed a tendency to use only a small number of the supposedly best males. Additionally, their progeny is related by mothers. Strikingly, a single Golden Retriever stud produced over 100 puppies, closely followed by a single Labrador with over 60 puppies to his credit. Even if not all of these puppies will be eventually used in breeding, they still may contribute to increased levels of inbreeding with its all negative consequences known as inbreeding depression (Kania- Gierdziewicz et al. 2014 ).
CONCLUSIONS
The inbreeding coeffi cient (COI) in the population of Newfoundlands exhibited at various dog shows, organized by the Polish Kennel Club (ZKwP) in 2015 did not reach high values. From the group of 115 individuals, only one dog showed a disturbingly high IC value, yet it was still similar to the values obtained for rare (i.e. less numerous) breeds.
The analysis of ancestor loss as shown by AVK revealed only one individual with low level (80%) of this parameter. It can be therefore concluded that the studied population of Newfoundlands in Poland is not related. One of the studs appeared in 115 pedigrees was alarmingly high (95 times). The average inbreeding ratio was not very high compared to other populations studied in Poland. The 5 dogs with the highest inbreeding come from parents closely related to each other. One of the studs appeared in 115 pedigrees was alarmingly high (95 times). The average inbreeding ratio was not very high compared to other populations studied in Poland, but it was also not small due to the very large discrepancy between the minimum and the maximum.
